A critical element in the shaping of large engineering projects (LEPs) is associated with the multi-type and networked relationships between LEPs and their stakeholders in both market and nonmarket environments. In this paper, we advance a multidisciplinary network approach, namely Stakeholder Value Network (SVN), as a lens to examine, understand, model, and manage the stakeholder relationships in LEPs. The SVN approach brings together knowledge from three domains: engineering systems, organizational sociology, and strategic management. Specifically, we put the focus of this paper on exploring the underlying connections between stakeholders and issues; extending the methodological framework of "Stakeholder-based SVN" to "Issue-based SVN"; as well as testing three propositions about the strategic implications of Issue-based SVN and demonstrating the benefits of the integration of stakeholders and issues, through a retrospective case study of a large real-world engineering project, Project Phoenix.
these proposals, the main focus of our paper is to develop the "Issue-based SVN" as a practical means to integrate the strength of Stakeholder Theory [Freeman, 1984; Freeman, Harrison, Wicks, et al., 2010] and Strategic Issue Management [Ansoff, 1980; Chase, 1982 Chase, , 1984 for the shaping of LEPs. Based on this development, we will also compare and contrast the "Issue-based SVN" with more traditional "Stakeholder-based SVN" through a retrospective case study to demonstrate the benefits of this integration.
The remainder of our paper is organized as follows: First, as a general background, we build up the theoretical foundations along with three key assumptions for the SVN approach; Second, we discuss the connections between stakeholders and issues, develop the concept of "Issue-based SVN" from "Stakeholder-based SVN", and generate three propositions about the strategic implications of the new concept; Third, we apply the SVN approach to a retrospective case study of a large real-world engineering project, namely Project Phoenix, in order to test the three propositions about "Issue-based SVN" as well as compare and contrast the "Issue-based SVN" with more traditional "Stakeholder-based SVN"; Last but not least, we conclude with a discussion of the merits of our approach and a few promising directions for future research. Note that the methodological framework and modeling tool of the SVN approach are detailed in the Appendix, for the consideration of length requirement as well as analytical focus of this paper.
THE SVN APPROACH AND ITS THEORETICAL FOUNDATIONS
In this section, to facilitate later discussions, we first define five important concepts and introduce three ways of mapping stakeholder relationships. After that, we briefly lay out the theoretical foundations and key assumptions for the SVN approach.
Concepts and Definitions

SVN:
A multi-relational network consisting of a focal organization (i.e., LEPs in the context of this paper), the focal organization's stakeholders, and the tangible and intangible value exchanges between the focal organization and its stakeholders, as well as between the stakeholders themselves [Feng, 2013] ; Value Exchange: The processes during which the specific needs of stakeholders (including the focal organization for the convenience of discussion, hereafter) are satisfied at a desirable cost [Crawley, 2009] ; Value Flow: Derived from the specific needs of each stakeholder, a value flow is the output of one stakeholder, and at the same time, the input of another; Value Path: A string of value flows connecting a group of stakeholders; Value Cycle: The value path beginning from and ending with the same stakeholder (i.e., the focal organization).
Mapping Stakeholder Relationships
There are three canonical ways to map the relationships between stakeholders (For a simplified example of a multinational energy project, see Figure 1 ; For a more realistic and complicated example of Project Phoenix, see Figures 4, 5, and 10) : the "Hub-and-Spoke" model, the "Stakeholder-based SVN" model, and the "Issue-based SVN" model. As we have demonstrated [Feng, Lessard, Crawley, et al., 2012] the "Hub-and-Spoke" model typically is incomplete as it allows important stakeholder relationships/balances to be ignored, and the "Stakeholder-based SVN" model is superior to the "Hub-and-Spoke" model by capturing the impacts of both direct and indirect stakeholder relationships. Compared to the "Stakeholderbased SVN" model, the "Issue-based SVN" model, developed for the first time in this paper, also includes both direct and indirect relationships, but only those relevant to a specific "Issue". Since the "Issue-based SVN" is the subset of the "Stakeholder-based SVN", it involves a smaller number of stakeholders and relationships and hence reduces modeling complexity and then saves computational/analytical resources. Our main goal in this paper is to explore the differences (if any) of these two SVN models in terms of understanding the balance of stakeholder power, through a retrospective case study, Project Phoenix.
>>>>>>>>>>>>>>>>>>>> Insert Figure 1 Here <<<<<<<<<<<<<<<<<<<< The first step in creating either of these network models is to map the relationships, and no theory is needed to do so. However, in order to make sense of the more complicated relationship maps in anything but the most trivial of cases, it is necessary to analyze the networks quantitatively. This requires theory.
Theoretical Development for SVN
Relevant Literature
Based on the above discussion, multiple types of relationships are the key to systematically analyze the strategic implications of the SVN. In the social sciences, social and economic relationships are two basic types of interactions between individuals or organizations. Although they are different in many ways and often studied separately by sociologists and economists, two ambitious efforts have been made in recent years to unify both social and economic relationships into a common framework for analysis: One is the New Economic Sociology (NES hereafter), which begins with social relationships and uses the concept of "social embeddedness" to study various economic phenomena (see the work of Harrison C. White, Mark S. Granovetter, Ronald S. Burt, Paul J. DiMaggio, and Joel M. Podolny among others); The other is the Social Exchange Theory (SET hereafter), which begins with economic relationships and uses the models of economic exchange to study various social situations (see the work of George C. Homans, Peter M. Blau, Richard M. Emerson, Karen S. Cook, and Peter P. Ekeh among others). These two efforts, namely, New Economic Sociology and Social Exchange Theory, can be viewed as dual theories, echoing the distinction of "Structure vs. Process" by Van de Ven [1976] , or "Structural vs. Relational" by Granovetter [1992] , or "Structuralist vs. Connectionist" by Borgatti and Foster [2003] , for the relationships between either individual humans or organizations 5 .
Following the NES approach, Rowley [1997] , Mahon, Heugens, and Lamertz [2003] , and Lucea [2007] propose the application of Social Network Analysis (SNA hereafter) for stakeholder research. The SNA views the stakeholder relationships as empty social ties without content and studies the impacts of network structures on stakeholders' behavior. The strength of this approach lies in providing a way to measure the structural properties of the whole network (i.e., density, etc.) and the structural position of individual stakeholders (i.e., degree-, closeness-, and betweenness-centralities, etc.), with a rigorous basis in graph theory. The weakness of this approach lies in the separation for different types of relationships: Only the same type of relationships (e.g., economic or social) are put into one network and all these structural measurements are defined for such kind of single relation-type networks 6 .
In order to overcome this weakness of SNA, following the SET we develop a new network approach-the SVN analysis-which views multiple types of stakeholder relationships as value exchanges and studies the strategic implications of the exchanged value flowing through the full stakeholder network.
Under the SET framework, social relationships are the extension of economic relationships [Coleman, 1990; Emerson, 1976; Homans, 1961] , and therefore "concepts and principles borrowed from microeconomics" [Cook, 2000, p. 687] can be applied to conduct "the economic analysis of noneconomic social situations" [Emerson, 1976, p. 336] . Specifically, we apply the classic concept of "utility" in economics to create a mathematical model for the purpose of comparing the relative importance of value flows in the SVN: Each value flow, no matter what type it is, is assigned a numeric score according to the satisfaction level perceived by the stakeholder who receives the benefits from that value flow. These value flow scores are comparable and actually reflect the degrees of desire for stakeholders to be involved in the relevant direct value exchanges. Further, these scores, or the importance levels of value flows, provide a basis to rank the relative importance of value paths and value cycles, which are then taken as the basic units to measure the aggregate impacts of both direct and indirect stakeholder relationships for the focal organization. Based on the SET, we posit that all the stakeholder relationships are formed by the use of subjective utility analysis (rational choice theory 7 ) and the comparison of alternatives (behaviorist psychology). 5 Astute readers may be interested in the question whether it is appropriate to extend the economic and sociological theories developed on the individual level, including the SET [Cropanzano and Mitchell, 2005; Zafirovski, 2005] , to the organizational level. We do assume that the same network model of actors can be used for both individual humans and organizations, but meanwhile, we would also like to assert that "this assumption is widespread among network analysts whose actors are organizations (e.g. Laumann et al 1985 , Mizruchi 1989 , and widespread among exchange theorists (e.g. Emerson 1972b , Markovsky et al 1988 and indeed some other theorists in sociology (e.g. Berger et al 1989)" [Cook and Whitmeyer, 1992, p. 117] . 6 Although in SNA, there are three typical approaches to study multiple-type relationships, none of them is able to jointly analyze the interactions of multiple types of relationships at the same time [Robins and Pattison, 2006] : (1) Repeating the analysis for single-relation network multiple times and then comparing the results; (2) Using multivariate linear analysis by precluding the possible association among the networks; (3) Focusing on the number of different types of networks (i.e., Multiplexity [Kapferer, 1969; Lazega and Pattison, 1999] ) by stripping away the content of different networks. 7 Although some criticize the rational choice model borrowed by SET from neoclassical economics, Max Weber [1975, p. 190] says: "For the purpose of a typological scientific analysis it is convenient to treat all irrational, From the above discussion, value flow and value path are obviously two essential concepts in the SVN analysis, and it would be helpful to link these concepts with similar ones in the SET. In SET, a pair of value flows between two stakeholders represents a "restricted exchange" [Lévi-Strauss, 1949] , which is defined as the two-party reciprocal relationships that may be shown as "AóB". A closed value path, or a value path beginning from and ending with the same stakeholder, actually represents the "generalized exchange" [Bearman, 1997; Ekeh, 1974; Lévi-Strauss, 1963; Malinowski, 1922; Sahlins, 1965] , which is defined as the univocal reciprocal relationships among at least three parties in the exchange situation that may be shown as "AðBðCðA" 8 .
Key Assumptions
After reviewing the relevant literature, we formulate three key assumptions as below. These assumptions, which have a solid foundation in the SET, provide the theoretical support for three out of four major steps ("Mapping", "Quantifying", "Searching", and "Analyzing", see Figure A -1 in Appendix) in applying SVN (i.e. "Stakeholder-based SVN").
Relationship Types: Social exchanges are the extension of economic exchanges [Coleman, 1990; Emerson, 1976; Homans, 1961] , and therefore monetary and nonmonetary relationships between stakeholders can be analyzed in a common framework, with the use of subjective utility judgments as well as comparison of alternatives; Exchange Patterns: Multilateral and indirect value exchanges exist widely in the strategic behavior of modern organizations [Levine and Shah, 2003; Olson, 1965; Westphal and Zajac, 1997] , and therefore the value cycles for the focal organization can be taken as the basis to understand the impacts of indirect relationships between stakeholders; Strategic Implications: Stakeholder power is the outcome of both exchange relations and network positions [Blau, 1994; Emerson, 1972; Molm, 1990 ] and, therefore, network statistics can be constructed from the sample space of value cycles to measure the importance of stakeholders as well as other metrics of interest.
ISSUE-BASED SVN AND THREE PROPOSITIONS
In this section, we first examine the underlying connections between stakeholders and issues from the perspective of network analysis, and also review several recent proposals from management scholars for integrating stakeholders and issues. Next, we discuss the motivations for us to integrate issues into the SVN approach, along with a specific plan to extend the fourstep framework of Stakeholder-based SVN (see Figure A -1 in Appendix). Finally, we generate affectually determined elements of behavior as factors of deviation from a conceptually pure type of rational action." In our paper, once the basic framework of the SVN approach is built up, it is always possible to consider these "factors of deviation" later on. 8 In some literature this is a special case of generalized exchange, called "network-generalized exchange" [Yamagishi and Cook, 1993] or "chain-generalized exchange" [Ekeh, 1974] , to be differentiated from the "groupgeneralized exchange" [Ekeh, 1974] , where "group members pool their resources and then receive the benefits that are generated by pooling" [Yamagishi and Cook, 1993, P. 237] . three propositions about the strategic implications of the Issue-based SVN, which will be tested in the case study of next section.
Connections between Stakeholders and Issues
Based on their deep appreciation for network analysis in the social sciences during the past century, Laumann, Marsden, and Prensky [1983] point out that "nodal attributes", "relations", and "participation in specified events or activities" are three foci to define the boundary of a network. We further infer that "Actors", "Relations", and "Events" are three types of basic units in network analysis. It is straightforward to understand the inclusion of "Actors" and "Relations", because they can easily find the corresponding concepts in graph theory ("vertices/nodes" and "edges/links", respectively), in social sciences ("individuals/organizations" and "individual/organizational relations", respectively), as well as in the SVN approach to be more specifically ("stakeholders" and "stakeholder relationships", respectively). However, it is not that intuitive to identify a concept similar to the "Events" in our SVN approach. After an intensive investigation of relevant literature, we argue that "Issues" are the right answer to match the concept of "Events".
In the field of strategic management, "Issues" are a mature and important concept, which often means "events, trends, or developments that could have a negative impact on the organization's ability to reach its objectives if left unattended" [Mahon, Heugens, and Lamertz, 2003, p. 171] , or more accurately, "focal and concrete events such as a project, a product, or a firm policy that generate gaps between the expectations of a number of stakeholders and the firm's behavior" [Lucea, 2007, p. 26 ]. Therefore, "Stakeholders" and "Issues" are essentially connected in the way that both of them provide the foci for the definition of network boundary as well as the subsequent network analysis.
Others who have sought to integrate issues with stakeholders via a network approach include: Mahon, Heugens, and Lamertz [2003] employ the SNA to make "a number of theoretically grounded conjectures about the delicate relationships between stakeholder behavior and issue evolution" [Mahon, Heugens, and Lamertz, 2003, p. 170] ; Lucea [2007] develops the concept of "global issue space" as an integrative framework that "helps make sense of the multiple relations established between a focal firm and its stakeholders across issues and geographies" [Lucea, 2007, p. 16] ; Roloff [2008] identifies two types of stakeholder management in companies' practice, that is, "organization-focused" and "issue-focused", and then demonstrates that "issue-focused stakeholder management dominates in multi-stakeholder networks" [Roloff, 2008, p. 233]; Frooman [2010] introduces the idea of an "issue network", and argues that "members of an issue network can be identified as those with grievances, resources, or opportunities" [Frooman, 2010, p. 161] , by drawing on concepts from the fields of social movements (sociology) and interest groups (political science).
We observe that the above proposals are still in the early stage of modeling the ties between stakeholders and issues-most of them only focus on justifying the need of integration, developing theoretical hypotheses, and/or building descriptive models. More importantly, except the proposal from Lucea [2007] , none of the other three provide an analytical and instrumental framework, nor do they address the importance of a multi-relational approach.
Integration of Issue and SVN
After understanding the strong connections between stakeholders and issues, now we propose to integrate "Issues" into the SVN approach (i.e., Stakeholder-based SVN). The motivations of our proposal are mainly three-fold:
Stakeholder relationships and issue evolution are intricately intertwined with each other: On the one hand, stakeholders may be involved in multiple issues [Mahon, Heugens, and Lamertz, 2003 ]; On the other hand, the interaction of multiple issues may be shaped by the awareness and influence of stakeholders Mahon, 1991, 1993] . Bigelow, Fahey, and Mahon [1993] once summarize: "Stakeholders are only mobilized around issues, and issues only emerge when stakeholders advocate them." Each method has its own strength and weakness: As discussed before, the Stakeholder-based SVN model provides better descriptive accuracy than the "Huband-Spoke" model through the inclusion of indirect stakeholder relationships. However, without the consideration of "Issues", it is difficult to see through the causal mechanisms behind the balance of stakeholder relationships and use such an understanding to formulate meaningful strategies. Last but not least, a focus on "Issues" provides a practical principle to restructure large-size SVN networks in order to reduce modeling complexity, as generally the stakeholders and relationships included in the Issue-based SVN model are less than all the stakeholders and relationships included in the Stakeholder-based SVN model (see Figure 1 ).
Specifically, our integration of stakeholders and issues involves the insertion of two new steps (see Figure 2 ) into the previous four-step framework of Stakeholder-based SVN (see Appendix A or Feng, Lessard, Crawley, et al. [2012] for more details). The new steps are: Issue Scanning (Step 1.5, between "Mapping" and "Quantifying") : After mapping stakeholders' specific needs as value flows, the primary issues concerned by stakeholders are identified with a specific and appropriate definition of "strategic issues" in the SVN context. If the total number of value flows is much larger than that of strategic issues in the network, which means the computational capability of the SVN modeling tool may still be challenged, the stakeholders in similar positions (support or opposition) around issues can be grouped together in order to further reduce modeling complexity. Issue Decomposing (Step 2.5, between "Quantifying" and "Searching") : Once all the value flows are quantified through the stakeholder questionnaire, the Stakeholderbased SVN can be decomposed into several smaller network models organized by the issues identified above. As discussed before, we name these smaller network models as "Issue-based SVN". Within each Issue-based SVN, the modeling complexity is reduced because of a smaller number of stakeholders and value flows. More importantly, across these networks, the causal mechanism behind different balance of stakeholder relationships can be better understood because the same two stakeholders usually have different relationship balance around different issues.
>>>>>>>>>>>>>>>>>>>> Insert Figure 2 Here <<<<<<<<<<<<<<<<<<<< Note that similar to previous four-step framework (see Figure A -1 in Appendix), the new framework (see Figure 2 ) can also be applied in an iterative manner in order to: (1) Reduce the dimensionality of large SVN models, until the appropriate level of abstraction is reached with the criteria of both analytical significance and computational feasibility; (2) Reflect the availability of more information and/or the change of previous situations.
Three Propositions
When the integration of issues into the SVN framework (see Figure 2 ), we are now ready to generate testable propositions on the strategic implications of the integration between stakeholders and issues. Specifically, we are interested in ranking the importance of different issues as well as understanding the inherent connections between stakeholder power and their relationship balance. In the next section, we will test these propositions in a case study of a large real-world engineering project, Project Phoenix.
In order to rank the importance of different issues, we need to compare the characteristics of each Issue-based SVN, which is the subset of the SVN model obtained by excluding the stakeholders and relationships irrelevant to that specific issue. Drawing on a common principle of network analysis in the social sciences, that "density"-the proportion of the maximum number of edges that are actually present in a network [Wasserman and Faust, 1994, p . 101]-is arguably the most common measurement for the characteristics of a whole network, and we use the relative density of each Issue-based SVN to rank the importance of each related issue. Specifically, if an Issue-based SVN has a higher density than others, we interpret that it is more important than other issues because: (1) a higher density indicates a higher concentration of critical relationships from the perspective of the recipient stakeholders; (2) a higher density indicates more efficient communications between stakeholders [Rowley, 1997, p. 897];  (3) a higher density indicates a larger likelihood for stakeholders to establish shared behavioral expectations [Oliver, 1991, p. 171] . Therefore, we derive the following proposition:
Proposition 1: The importance of a specific issue increases with the network density of the SVN based on that issue.
Second, in order to understand the power of stakeholders in the Issue-based SVN, we resort to the SET-the theoretical foundation of our SVN approach-recall the third key assumption stated before: "Stakeholder power is the outcome of both exchange relations and network positions." More specifically, here we apply Power-Dependency Theory 9 [Emerson, 1962 [Emerson, , 1964 [Emerson, , 1972a [Emerson, , 1972b to link the relative power between two stakeholders to the balance of their value exchange relationships. In Emerson's theory, the power of Actor "a" to Actor "b" in an exchange network equals to the dependency of Actor "b" on Actor "a", or simply written as "P ab = D ba ". Further, as he points out, dependency is a function of both the value of that source and its availability from alternative sources-such a dependency can be exactly measured by the exchange relationships between two stakeholders in the Issue-based SVN. Therefore, we derive the following proposition:
Proposition 2: For a specific issue, the power of Stakeholder A to Stakeholder B increases with the dependency of Stakeholder B on Stakeholder A in value exchange relationships around that issue.
Last but not least, based on our relevant work [Feng, Lessard, Crawley, et al., 2012; Feng, 2013] , we must recognize the importance of indirect relationships in measuring the stakeholder balance and therefore in predicting the relative power between two stakeholders. As stated in the second key assumption: "Multilateral and indirect value exchanges exist widely in the strategic behavior of modern organizations, and therefore the value cycles for the focal organization can be taken as the basis to understand the impacts of indirect relationships between stakeholders." We postulate this is also true for the Issue-based SVN:
Proposition 3: For a specific issue, the stakeholder dependency based on both direct and indirect relationships is more accurate than the stakeholder dependency only based on direct relationships to describe the relative power between those two stakeholders.
CASE STUDY: "PROJECT PHOENIX"
In this section, we first briefly introduce Project Phoenix and define the analytical focus of this case study. Next, following the corresponding framework (see Figure A -1 and Figure 2 ), we conduct a detailed SVN analysis for Project Phoenix, first on a "Stakeholder" basis and then on an "Issue" basis. At the end of this case study, we perform three tasks: (1) Validating the strength of the SVN approach in general; (2) Testing three propositions generated previously regarding to the strategic implications of Issue-based SVN; and (3) Demonstrating the benefits of the integration of stakeholders and issues.
Project Phoenix is a major "brownfield project" being implemented by a Global 500 firm in one of its older operating facilities in the United States. It is integrated into a complex processing facility that is undergoing a change in the mix of feedstocks and chemical products. Many of these new feedstocks come from an adjacent country. In the early 2000s, the focal firm announced Project Phoenix, to expand the unit's production capacity and equip it to deal with a new mix of feedstocks and chemical products. At the time of the announcement, the project was expected to require a multi-billion dollar investment and five years to complete.
In the first year of the project, the firm successfully obtained new environmental permits from the host state's Environmental Protection Agency (EPA). The new permits allow the facility to increase the emission levels of certain chemicals. Even though the increased levels still comply with EPA environmental standards, this situation ignited a firestorm of protest in the public media and from local public from surrounding communities that had not been anticipated by Project Phoenix's managers. After a several-month negotiation, the owner finally promised to keep the original emission levels and admitted that they might be forced to cancel Project Phoenix as a result.
Project Phoenix's owner subsequently determined that it could complete the project within the original permit limits and has proceeded with the project, though with delay and escalation of cost. Our analysis focuses on the initial period ending with the strong public pushback.
From the above introduction as well as interviews with Project Phoenix's managers, we were able to determine that the Manager's Mental Model was a "Hub-and-Spoke" (see Figure 4 ) in which the Host State Government and the U.S. Federal Government were viewed as most important since they were responsible for issuing the required environmental permits. As a result, managers did not pay enough attention to the Public Media and the Local Public, as well as to adjacent states, and this led to the later difficulties 10 .
In the sections that follow we develop the Stakeholder-based SVN model and the Issuebased SVN model for Project Phoenix. We demonstrate that: (1) Either the Stakeholder-based SVN model or the Issues-base SVN model would have overcome the blind spots in the Managers' Mental Model, with only data that would have been available to them; (2) The Issuebased SVN model arrives to the same conclusions as the Stakeholder-based SVN model, with much simpler analysis; and (3) The Issue-based SVN model has the greatest normative power since it identifies those stakeholders that place large values (positive and negative) on particular issues and thus can link them internally, as well as those stakeholders that are "closest" to each other to effect this "issue trade".
Step One: Mapping
As summarized in Figure A -1 and Figure 2 , the first step involves defining the focal organization; identifying stakeholder roles, objectives, and specific needs; and mapping their specific needs as value flows. For Project Phoenix, the focal organization is taken to be the owner of the project with no distinction being made for its internal organizational structure. Seven types of stakeholders are identified ("Stake" Holders, Beneficiaries, Users, Agents, Institutions, Interests, and Project) [Crawley, 2009] and the resulting stakeholder list 11 for Project Phoenix is shown in Table 1 12 . >>>>>>>>>>>>>>>>>>>> Insert Table 1 Here <<<<<<<<<<<<<<<<<<<< Once an appropriate list of stakeholders has been generated, the next challenge is to identify the tangible and intangible value exchanges between any two stakeholders to construct a multi-relational network, that is, a Stakeholder-based SVN. We develop a template [Sutherland, 2009] to articulate the roles, objectives, and specific needs of each stakeholder step by step, and then those specific needs of each stakeholder are mapped as value flows coming from other stakeholders. Figure 3 takes the Local Governments (LOG) in Project Phoenix (PP) as an example to illustrate the format of such a stakeholder characterization template. 
Step Two: Quantifying
Quantifying is the second step and its specific goal is to develop the stakeholder maps into a quantitative model, through scoring value flows by the perceived utility of the recipient stakeholders and defining the propagation rule of value flows in the stakeholder network to calculate the score of a value path. Such a quantitative model, built upon the additional information collected from a questionnaire for each stakeholder, provides a feasible way to compare the relative importance of value flows and rank the emerging value paths, which can be taken as the basic units to further measure the aggregate impacts of both direct and indirect relationships between stakeholders for the focal organization.
Value Flow Scoring and Stakeholder Questionnaire
Based on the previous assumption of "Relationship Types" (see Figure A -1 in Appendix), SET provides a common framework to analyze different types of stakeholder relationships. Specifically, we apply the classic economic concept of "utility" to model the relative importance of value flows in the stakeholder network: Each value flow, no matter what type it is, is assigned a numeric score according to the satisfaction level perceived by the stakeholder who receives the benefits from that value flow. These value flow scores are comparable and actually reflect the degrees of desire for stakeholders to be involved in the relevant direct value exchanges including the importance of the flows to the focal project. Further, these scores, or the importance levels of value flows, provide a basis to rank the relative importance of value paths, which are the basic units to measure the aggregate impacts of both direct and indirect stakeholder relationships for the focal organization.
However, it is a notoriously difficult task to measure the magnitude of utility differences 14 , and economists argue that utility could not be measured directly but only indirectly, as highlighted by Marshall [1920, p. 78] : "Utility is taken to be correlative to Desire or Want. It has been already argued that desires cannot be measured directly, but only indirectly, by the outward phenomena to which they give rise; and that in those cases with which economics is chiefly concerned the measure is found in the price which a person is willing to pay for the fulfillment or satisfaction of his desire."
We also take an indirect approach to measure the perceived utility for value flows: First, in light of the analysis for stakeholders' specific needs as well as for the specific contexts of the stakeholder value network, several key attributes are defined to characterize the value flows; Second, numerical scales are developed to measure these key attributes and correspondingly a questionnaire is designed to guide the recipient stakeholders to assign a score for each attribute of the value flows coming to them; Third, a combination rule is chosen to integrate the individual attribute scores of each value flow into a single score, that is, the utility of that value flow comprehensively perceived by the recipient stakeholder. One may notice that such an indirect approach for utility measurement is actually a simplified application of the Multi-Attribute Utility Theory (MAUT) [Edwards, 1977; Keeney and Raiffa, 1976] , which has been established as a useful tool for decision makers to create a mathematical model and then quantify the desirability of certain alternatives in a logic and consistent way. Sutherland [2009] summarizes a short list of common characteristics when analyzing the specific needs of each stakeholder:
Intensity of a need 14 Since the beginning of last century, there have been lots of debates on the measurability of utility in economics literature [Köbberling, 2006; Moscati, 2012] . Correspondingly, "ordinal utility" [Hicks and Allen, 1934 ] has gradually gained more popularity, while nowadays the "cardinal utility" is often treated as an outdated idea mainly because of the difficulty of measurement (and behavioral considerations). However, for the analytical purpose, cardinal utility is still usefully applied in a few specific contexts, such as the expected utilities for decision-making under uncertainty [von Neumann and Morgenstern, 1944] and the discounted utilities for intertemporal evaluations [Samuelson, 1937] . In this paper, we choose cardinal utility because in Project Phoenix, intertemporal evaluations constitute one important dimension of the utility function. Additionally, in other network analysis of social sciences, such as Coleman and Smith [1973] , Coleman [1986, pp. 85-136] , and Laumann and Knoke [1987, pp. 369-373] , cardinal utility has also seen its application in the mathematical models for resource mobilization and deployment between organizations.
Source importance in fulfilling a need Urgency in fulfilling a need Competition in fulfilling a need Awareness of a need In practice it is not necessary to include all the above five or even more attributes when scoring the perceived utility of value flows, and there always exists a trade-off between better decisions and the burden to collect more information. Based on the experience of previous research [Cameron, 2007; Sutherland, 2009] , generally two attributes are good enough for conducting the SVN analysis, and "Intensity of a need" and "Source importance in fulfilling a need" are the most frequently used ones 15 , which describe the value flows completely from both the demand side and the supply side of the recipient stakeholders. For Project Phoenix (PP), however, timing or temporal stage of value exchanges is a sensitive topic for many stakeholders, and therefore "Urgency in fulfilling a need" is taken as an attribute to replace the "Intensity of a need" in characterizing the value flows from the demand side.
After choosing the "Urgency in fulfilling a need" and "Source importance in fulfilling a need" as two attributes of value flows in Project Phoenix (PP), a stakeholder questionnaire (see Table 2 ) is further designed to assign attribute scores, and then a combination rule (see Figure 6 ) is defined to convert two attribute scores into a single utility score for each value flow. For simplicity, we assume that the scores of "Urgency of fulfilling a need" are exponentially discounted with time, while the scores of "Source importance in fulfilling a need" can be linearly differentiated, and therefore a nonlinear and linear scale is chosen for each attribute respectively in Figure 6 . In addition, similar to the concept of production function in economics, the utility score of a value flow equals the product of its "need urgency" score and "source importance" score in order to simplify the computation while ensuring the positive correlations between utility and those two attribute scales. Table 2 and Figure 6 Here <<<<<<<<<<<<<<<<<<<<
>>>>>>>>>>>>>>>>>>>> Insert
Value Path Scoring and Value Propagation Rule
Value paths show the possible ways for a group of stakeholders to exchange value in an indirect manner and further can be taken as the basis to study the impacts of indirect relationships in the SVN. Our previous work on the Utility Model of Network Exchanges [Cameron, Crawley, Feng, et al., 2011] enables us to define a propagation rule of value flows for the purpose of scoring value paths in the network. Once the value flows are scored and a value propagation rule is defined, the quantitative construction of the SVN model is completed.
Step Three: Searching
Searching is the third step and its specific goal is to search for all the value paths beginning from and ending with the focal organization as the sample space for a statistical network analysis. These closed value paths, or value cycles, are then taken as the basic units to further measure the aggregate impacts of stakeholder relationships-both direct and indirect ones-on the strategic behavior of the focal organization.
Using the Dependency Structure Matrix (DSM, a.k.a. Design Structure Matrix) and the Danielson [1968] algorithm for simple cycle enumeration in graph theory, we develop a Java-based software platform to execute the quantitative SVN model and perform the task of Searching (see Appendix B). In addition, the following four types of constraints can be integrated into the DSM modeling platform:
Internal Assets: This constraint defines the mechanism for stakeholders to convert their inputs to outputs, in the form of "internal assets", which are the categorized resource pools to connect each stakeholder's inputs with the same category of outputs (see Figure 7 for an example); Simple Cycle: This constraint requires that no stakeholder is revisited along the value cycle excluding the start/end one (viz., the focal organization); Cycle Score ≥ a: This constraint sets the lower bound for the score of a value cycle, where "a" is between 0 and 1 (for the previous quantitative model); Cycle Length ≤ k: This constraint sets the upper bound for the length of a value cycle, where "k" is between 2 and n (n is the total number of stakeholders).
For Project Phoenix (PP), the DSM modeling platform is very efficient in finding all the value paths between any two stakeholders (see Table 3 ), without the need to choose the lower bound for cycle score and/or the upper bound for cycle length.
>>>>>>>>>>>>>>>>>>>> Insert Figure 7 and Table 3 Here <<<<<<<<<<<<<<<<<<<<
Step Four: Analyzing
This is the last step and its specific goal is to define network measurements and construct network statistics in order to study the strategic implications of the SVN for that focal organization, such as critical value cycles, important stakeholders, important value flows, important outputs from and important inputs for the focal organization, and so on. As stated in the previous assumption of "Strategic Implications", from the perspective of SET, these implications are the outcome of both exchange relations and network positions, and we further argue that value cycles can be taken as the basic unit to measure such an outcome: On the one hand, the value cycles discovered from the quantitative SVN model, along with their scores, provide a feasible way for the focal organization to compare the relative importance of all the exchange relations, including both direct and indirect ones, with other stakeholders; On the other hand, the value cycles also simultaneously capture the information about each stakeholder's position in the SVN. Therefore, in the last step of the SVN analysis, all the value cycles are chosen as the sample space for constructing network statistics and then studying the strategic implications of the SVN for the focal organization.
Specifically, for Project Phoenix (PP), there are totally 5039 value cycles (see Figure 8 ) in the Stakeholder-based SVN model (see Figure 5 ). >>>>>>>>>>>>>>>>>>>> Insert Figure 8 Here <<<<<<<<<<<<<<<<<<<<
Validating the Strength of the SVN Approach
As discussed before, the first task in the last step is to validate the strength of the SVN approach in general, and we use the relative importance of each stakeholder as the means, which is measured by the Weighted Stakeholder Occurrence (WSO) [Cameron, 2007; Sutherland, 2009 ]-the occurrence of that stakeholder in all the value cycles for the focal organization, weighted by the corresponding cycle scores (see Equation 1, where "n" denotes the total number of value cycles for the focal organization, "W j " denotes the utility score of Cycle "j", and "S ij " indicates whether or not Stakeholder "i" is included in Cycle "j"). Note that the word "Importance" here should be interpreted from a descriptive or instrumental perspective, instead of a normative one [Donaldson and Preston, 1995] , which is often a focus of business ethics.
Before examining the modeling results in Project Phoenix (PP), it would be beneficial to track down the economic and sociological roots for the word "Importance"-we find that "Power" 16 (see the work of Karl Marx, Max Weber, Georg Simmel, Pierre Bourdieu, Jürgen Habermas, and Michel Foucault among others) and "Centrality" 17 (see the work of Harrison C. White, Mark S. Granovetter, Ronald S. Burt, Paul J. DiMaggio, and Joel M. Podolny among others) are two close concepts 18 in the vocabulary of economists and sociologists. 16 In traditional economics, "Power" is a secondary and derivative phenomenon determined by market exchange, and more specifically, rational choice theory points out that "power concept is a generalization of the wealth concept in economic theory" [Fararo, 2001, p. 266] . As "the economic analysis of noneconomic social situations" [Emerson, 1976, p. 336] , the SET, which provides the theoretical foundation for the SVN approach, also treats exchange as a more fundamental phenomenon than power [Cook, 1990, pp. 115-116] , by assuming that power emerges and evolves in a complex structure of exchanges of resources-"since these exchanges are governed by the objective structure of alternatives, the latter determines power (and dependency) and gives it the character of a structural variable residing within exchange networks" [Zafirovski, 2005, p. 7] . 17 By contrast, in the structural style network analysis (i.e., NES, or more specifically, SNA), "Centrality" generally means the "network position-conferred advantage" [Cook and Whitmeyer, 1992, p. 120] , and "Degree-", "Closeness-", as well as "Betweenness-" are three common types of centrality in the SNA [Wasserman and Faust, 1994] . 18 In some variants of SET, "Power" exhibits a direct correlation to "Centrality" [Bonacich, 1987] , with exceptions where central positions do not necessarily imply superior power [Cook, Emerson, Gillmore, and Yamagishi, 1983] . Meanwhile, since the work of Emerson [1972 Emerson [ , 1976 , SET has increasingly considered network structure explicitly, but the basic difference between SET and SNA still exists in their treatment of the ties between network actors: The former stresses the exchange aspects of all ties, while the latter tends to be more catholic about the nature of the ties [Cook and Whitmeyer, 1992] .
Built upon the SET, WSO emphasizes the exchange aspects of stakeholder relationships, with the inclusion of structural consideration-the subjective utilities of each stakeholder in all specific value exchanges with other stakeholders have been factored into the scores of value flows and then into the scores of value cycles, while the frequency of stakeholders' appearance in all the value cycles for the focal organization is clearly a measurement for the structural characteristics of the stakeholder network.
Based on Equation 1, Figure 9 shows the WSO calculated from the Stakeholder-based SVN model (see Figure 5 ) in Project Phoenix (PP). It is observed that the most important stakeholders for Project Phoenix (PP) are the Public Media (PUM), the Local Public (LOP), the Host State Government (HSG), and so on. Compared to the Managers' Mental Model inferred previously, which ignored the importance of the Public Media (PUM) and the Local Public (LOP), the results from the SVN analysis identify these two stakeholders as the most important ones at the first place, even with only prior information. These results clearly validate the strength of the SVN approach in understanding the impacts of both direct and indirect stakeholder relationships on the long-term success of LEPs, and more in-depth explanation can be found in Feng [2013] . >>>>>>>>>>>>>>>>>>>> Insert Figure 9 Here <<<<<<<<<<<<<<<<<<<<
Testing the Propositions for Issue-based SVN
First of all, after comparing several definitions of "strategic issues", we decide to choose the most relevant and comprehensive one given by Lucea [2007, p. 26] : "Issues are focal and concrete events such as a project, a product, or a firm policy that generate gaps between the expectations of a number of stakeholders and the firm's behavior. These events and the gaps generated by them can evolve with time and therefore need managerial attention in a timely manner." Based on the above definition and the previous introduction to Project Phoenix (PP), it is obvious that the Project generates the gap between the expectations from the Public Media (PUM) and the Local Public (LOP) for clean environment, and the potential of the Project to emit more pollutants. In addition, Project Phoenix (PP) is not an isolated event, but inseparably connected to other activities/policies of the facility, which could conceivably offset its negative outputs. Through examining the main activities of Project Phoenix (PP) and the general expectations from its stakeholders, it is not difficult to find a few relevant activities/policies: e.g. providing cheap chemical products, creating more jobs, building local infrastructures, and paying more taxes.
In summary, there are four primary issues in Project Phoenix (PP):
Issue 1: Local Economic Stimulus (chemical products, jobs, and infrastructures) Issue 2: General Economic Performance (taxes) Issue 3: Local Environmental Protection (environmental permits) Issue 4: National Strategy Supply Security (chemical products)
Using the above issues as the "focal and concrete events" to identify the participation of stakeholders and the relevant relationships between them, the previous Stakeholder-based SVN (see Figure 5 ) can be decomposed into four smaller Issue-based SVN (see Figures 10~13) .
>>>>>>>>>>>>>>>>>>>> Insert Figures 10~13 Here <<<<<<<<<<<<<<<<<<<<
In order to test Proposition 1, we need to first define the "density" for Issue-based SVN. Traditionally, in the network analysis of social sciences, network density is only defined for simple graph-a graph that contains no loops or multiple edges. Considering the fact that Issuebased SVN is often not simple graph but multiple graph, we modify the traditional definition of density as below:
In Equation 2, "m" denotes the total number of value flows in the Stakeholder-based SVN, "V l " denotes the utility score of Flow "l", and "F lk " indicates whether or not Flow "l" is included in the Issue-based SVN for Issue "k". The major difference between the density defined above and the density for simple graph lies in that the former is benchmarked against the Stakeholder-based SVN, which is analogous to a "realist" 19 view of social phenomena; while the latter is benchmarked against the corresponding complete graph 20 , which is analogous to a "nominalist" 21 view of social phenomena. Figure 14 compares the network density of four Issue-based SVN. We observe that in terms of the network density, (1) the most important issue is "Local Environmental Protection"; (2) the least important issue is "National Strategy Supply Security"; and (3) the importance of "Local Economic Stimulus" and "General Economic Performance" are in the middle and about the same level. These observations regarding to the importance of issues are validated by interviews with project managers and stakeholder representatives, as well as aligned with the later facts in this retrospective case.
Based on Equation 2,
>>>>>>>>>>>>>>>>>>>> Insert Figure 14 Here <<<<<<<<<<<<<<<<<<<< In order to test Proposition 2 and Proposition 3, we apply the extended framework of the SVN analysis (see Figure 2) to each Issue-based SVN identified above (see Figures 10~13) , and then compare the relationship dependency between two stakeholders across multiple issues, in the "Hub-and-Spoke" model and the Issue-based SVN model, respectively (see Figures 15~18) .
>>>>>>>>>>>>>>>>>>>> Insert Figures 15~18 Here <<<<<<<<<<<<<<<<<<<<
Taking Project Phoenix (PP) and the Local Public (LOP) as an example (see Figure 15 ), we have two observations regarding to their relationship dependency and relative power:
In the "Hub-and-Spoke" model, which only includes the direct relationships between PP and LOP, PP seems to have almost the same power (i.e., zero net transaction value or no dependency) as LOP on different issues. However, this observation neither reflects the later facts nor provides help to formulate effective stakeholder strategies. In the Issue-based SVN model, which includes both direct and indirect relationships between PP and LOP, PP is much more powerful than LOP on Issue 1 of "Local Economic Stimulus", but is less powerful than LOP on Issue 3 of "Local Environmental Protection", measured by their net transaction value or relationship dependency. Obviously this observation reflects the later facts well and also provides the direction to formulate stakeholder strategies-for example, PP can utilize its strength on Issue 1 to make up for its weakness on Issue 3 (i.e., issue trade) to better manage its relationships with LOP.
In one word, the previous three propositions about the strategic implications of Issuebased SVN have all been tested true.
Demonstrating the Benefits of Integration
Reflecting on the findings from the Stakeholder-based SVN model (see Figure 5 ) and the Issue-based SVN model (see Figures 15~18) , we make the following observations, which convincingly demonstrate the benefits of the integration of stakeholders and issues:
Managers' Mental Model misses the Public Media (PUM) and Local Governments (LOG) as important stakeholders;
The Stakeholder-based SVN model identifies the importance of the Public Media (PUM) and Local Government (LOG), even with only prior information; The Issue-based SVN model arrives to the same conclusions as the Stakeholder-based SVN model, with much simpler analysis; The Issue-based SVN model provides greatest normative power since they identify those stakeholders that place large values (positive and negative) on the two opposing types of issues (taxes and jobs vs. pollution) and thus can link them internally, as well as those stakeholders that are "closest" to each other to effect this "issue trade". The central issue for Project Phoenix is that it has negative balance on pollutions and positive balance on taxes as well as jobs, but that in general these apply to different stakeholders; Under the above circumstance, generalized exchanges, which include more than two parties in value exchange, can certainly shed light on formulating "indirect" strategies to simultaneously influence the stakeholders with positive balance and those with negative balance.
CONCLUSIONS AND FUTURE WORK
Motivated by the underlying connections and potential synergies between stakeholders and issues in the shaping of LEPs, we first extend the methodological framework of "Stakeholder-based SVN" to "Issue-based SVN" and generate three propositions regarding to the strategic implications of the Issue-based SVN. After that, we test these propositions in a retrospective case study of a large real-world engineering project, Project Phoenix. Through this case study, the benefits of the integration of stakeholders and issues are clearly demonstrated:
Reduced Complexity: Issue-based SVN is generally the subset of Stakeholder-based SVN, and therefore can reduce the dimensionality of network models; Simpler Analysis: Issue-based SVN is also able to overcome the blind spots of Managers' Mental Model, but with much simpler analysis than Stakeholder-based SVN; Normative Power: Issue-based SVN helps seeing through the causal mechanism behind the relationship balance-Specifically, Issue-based SVN identifies those stakeholders that place large values (positive and negative) on particular issues and thus can link them internally, as well as those stakeholders that are "closest" to each other to effect this "issue trade".
However, we would also like to point out the following limitations of the SVN approach at the same time:
Normative Justification: The SVN approach is mainly developed for the goals of descriptive accuracy and instrumental strength, and therefore lacks the consideration of normative justification; Meso-Level Networks: The SVN approach often deals with the interorganizational networks on the "meso-level" of human society, and the linkage between the SVN and other networks on the individual, micro-, or macro-levels has not been fully understood; Static Characteristics: The SVN approach is static and more like a "snapshot" for the value exchanges among stakeholders at a specific temporal stage, and therefore is unable to illustrate the longitudinal evolutions of the network; Homogeneous Utility: The SVN approach utilizes the Multi-Attribute Utility Theory (MAUT) as a powerful tool to quantify the value flows by the subjective utilities of the recipient stakeholders, but for simplification, the same utility function is used for all the stakeholders, and additionally, the utility function has not been calibrated with experimental data; Egocentric Distortion: Value cycles, the representation of generalized exchanges, are the basic units to measure the impacts of indirect stakeholder relationships in the SVN model (both Stakeholder-based and Issue-based), but the sample space of important network statistics is centered on the focal organization and therefore omits those cycles bypassing the focal organization, which may cause distortions of the network structure from a descriptive perspective, as well as of the resulting stakeholder strategies from an instrumental perspective; Strategy Implementation: Last but not least, the SVN approach does not provide practical guidelines 22 to effectively implement the derived strategies for stakeholder engagement (for example, how to avoid the social dilemma of moral hazard and freeriding), and these guidelines are much desired in the real world.
Although the above is by no means a complete list, one should not be intimidated by these limitations-as wisely commented by Box and Draper [1987, p. 424] , "Essentially, all models are wrong, but some are useful." and "Remember that all models are wrong; the practical question is how wrong do they have to be to not be useful." [Box and Draper, 1987, p. 74 ]articulating these limitations will actually help with the appropriate usage of the SVN approach and also the identification of the directions for future development and improvement. 
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Step 4: Analyzing Using the Object-Process Diagram (OPD) [Dori, 2002] , Figure A -1 visualizes four major steps of the methodological framework for our SVN approach:
Important Paths/Outputs/Stakeholders/ Flows for the Focal Organization
Network Measurements Definition and Network Statistics Construction
Mapping: At the beginning, the focal organization should be defined and its stakeholders should be identified. Meanwhile, their roles, objectives, and specific needs will also be extracted from documents and interviews. Based on this information, a qualitative model of the SVN can be built, in the format of stakeholder maps, through mapping the specific needs of each stakeholder as value flows. Quantifying: Once the stakeholder maps are obtained, the next step is to quantify value flows with the perceived utility of the recipient stakeholder and define the propagation rule of value flows in the SVN to calculate the score of a value path. Searching: Based on the quantified value flows and the value propagation rule, a quantitative model of the SVN can be built, to search for all the value paths between any two stakeholders and also calculate the utility score of each path. Analyzing: Once the quantitative model finds all the value paths between any two stakeholders, the last step is to define network measurements and construct network statistics. Specifically, the value paths beginning from and ending with the focal organization (i.e., value cycles for the focal organization) will be taken as the sample space to study the strategic implications of the SVN for that organization.
It is important to point out that the previous three assumptions are closely related with the above steps (see Figure A-1): (1) the first assumption of "Relationship Types" provides the theoretical basis for scoring value flows and value paths in the step of "Quantifying"; (2) the second assumption of "Exchange Patterns" provides the theoretical basis for searching for all the
Inputs/Outputs Steps Techniques
(Relationship Types)
(Exchange Patterns)
Step 4: Analyzing Step 5: Iterating value paths between any two stakeholders in the step of "Searching"; (3) the third assumption of "Strategic Implications" provides the theoretical basis for constructing network statistics from the sample space of value cycles for the focal organization in the step of "Analyzing". In other words, three main steps of the SVN analysis heavily rely on three key assumptions grounded in SET and take the quantitative modeling as their main theme, in order to gain a deeper appreciation for the implications of both direct and indirect stakeholder relationships.
APPENDIX B: THE DSM MODELING TOOL FOR THE SVN ANALYSIS
As discussed in the paper, value paths are the basic units to understanding the strategic implications of the SVN, and essentially, these paths represent the direct/indirect dependencies between stakeholders. The Dependency Structure Matrix (DSM, a.k.a. Design Structure Matrix) is a simple but powerful tool to model, visualize, and analyze the dependencies among system entities. Originated from the field of product management [Ulrich and Eppinger, 2003 ], DSM has been widely applied to manage the complexity of any system, including the modeling for indirect dependencies and dependency propagation [Keller, 2007; Lindemann, Maurer, et al., 2008] .
In this appendix we discuss the representation, algorithm, and benefits of the DSM modeling tool for the SVN analysis. For the convenience of discussion, we use the SVN shown in Figure B -1 as a simplified example, where "a", "b", "c", "d", "e", "f", "g", and "h" are eight value flows between four stakeholders "A", "B", "C", and "D". From the perspective of graph theory, the SVN belongs to the class of (weighted) multidigraphs-a directed graph that is permitted to have multiple directed edges with the same source and target vertices-the sample network in Figure B -1 is exactly a simple but typical multidigraph. 
B.1 Representation
Simple graphs (i.e., no more than one edge between any pair of vertices) can be easily represented with DSM: all the vertices are numbered as rows and columns of a matrix, and the elements (0 or 1) in the matrix show whether there is a directed edge from row vertex to column vertex. However, in order to represent the multidigraphs, two modifications need to be made for the traditional DSM: First, defining the matrix elements as characters to name edges (or as 0 if there is no edge); Second, using the "addition" operation to connect the names of multiple edges with the same source and target vertices. Therefore the example network shown in Figure B -1 can be represented with the following DSM: 
B.2.1 Simple Path Only
As explained in this paper, no stakeholder, except the start/end one, will be visited more than once in every value path. Therefore the searching algorithm should only keep the simple paths (i.e., paths with no repeated vertices) and filter out the non-simple ones (see the circled elements in M 3 for example). This "Simple Path" requirement can be met by satisfying the condition that no vertex in the path has input/output degrees (i.e., the number of edges incident to that vertex) greater than 2, when connecting two paths/edges. This requirement also explains for "k ≤ total number of vertices", because the longest length of simple paths in a multidigraph equals the total number of vertices (stakeholders).
B.2.2 Connection Constraints
To make sure the connection between value flows is meaningful, appropriate constraints between each stakeholder's input flows and output flows (through the "Internal Assets", see Figure 4 for an example) should be satisfied. The algorithm reads the connection constraints as the initial inputs, in the format of listing the connectable outputs for a specific input. And then, the algorithm does the "Edge Constraint Check" during each time when two paths P1 and P2 are to be connected: The last edge from P1 is checked against the first edge from P2 to make sure that they are connectable. To fulfil this task, the algorithm maintains a Hash Map to record all the connectable information. If the paths (edges) are not connectable, the new path will be dropped.
B.2.3 Path Score Calculation
The algorithm reads the value flows and their scores together as the initial inputs. And then, the computation for path score will be finished in parallel with the generation of that path by multiplying the DSM. In addition, to improve the computational efficiency, all the previous paths and their scores will be stored so that the score for a new path can be obtained from the score of two old paths/edges constituting that new path.
B.2.4 All the Value Paths
The k-length value paths for a focal stakeholder "i" will be represented by the element (i, i) in the DSM after k-time multiplication (k ≤ total number of stakeholders). To obtain all the value paths for that stakeholder, the algorithm will add the element (i, i) together, from the initial DSM representing the network itself to the DSM after k-time multiplication (k = total number of stakeholders).
In summary, the SVN analysis takes the weighted simple paths as the basic units to measure both the "exchange" and "structure" impacts of the whole multi-relation network on each stakeholder. And its third step (see Figure A -1 in Appendix A) is actually to search, store, and compute all the simple paths between any two vertices (stakeholders).
B.3 Benefits
After running numerous and rigorous tests for the above DSM multiplication algorithm, we confirm three major benefits of the DSM modeling tool for the SVN analysis:
Computational Performance: Although the full space path searching is a NP-hard problem by nature [Hochbuam, 2008] , the DSM multiplication algorithm is still efficient for most SVN, especially after adopting specific techniques such as the Hash Map to optimize the usage of computer memory during calculation. All-at-Once: After k-time multiplication of the initial DSM (k = total number of stakeholders), all the value paths between any two stakeholders will be obtained simultaneously, and this feature associated with matrix operations brings lots of flexibility and convenience for network analysis. Significant Implication: First, for those diagonal elements in the resulting DSM, each diagonal element represents the sample space for a focal stakeholder, which can be used to interpret the implications of the network for that focal one. Second, for those off-diagonal elements in the resulting DSM, Element (m, n) represents the influence (i.e., value paths) from Stakeholder "m" to Stakeholder "n", and further Element (m, n) and Element (n, m) represent the relationship balance (i.e., value exchanges) between Stakeholder "m" and Stakeholder "n". These features can also be explained with the previous example (non-simple paths have been filtered out) as below: 
